The paper aims to introduce the guided lamb wave propagation (GW) in a honeycomb sandwich panels to be used in the health monitoring applications. Honeycomb sandwich panels are well-known as lightweight structures with a good stiffness behavior and a wide range of applications in different industries. Due to the complex geometry and complicated boundary conditions in such a structure, the development of analytical solutions for describing the wave propagation and the interaction of waves with damages is hardly possible. Therefore dimensional finite element simulations have been used to model GW for different frequency ranges and different sandwich panels with different geometrical properties. The waves, which are highly dispersive, have been excited by thin piezoelectric patches attached to the surface of the structure. In the first step, the honeycomb panel has been simplified as an orthotropic layered continuum medium. The required material data have been calculated by applying a numerical homogenization method for the honeycomb core layer. The wave propagation has been compared in the homogenized model with the real geometry of a honeycomb sandwich panel. Such calculations of high frequency ultrasonic waves are costly, both in creating a proper finite element model as well as in the required calculation time. In this paper the influence of changes in the geometry of the sandwich panel on the wave propagation is presented.
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Introduction
The online health monitoring system using GW excited by the piezoelectric (PZT) actuator/sensor system is a very interesting technique in industry due to the high sensitivity, active sensing and low costs. This technique has been used in several researches to detect the damages within the honeycomb sandwich panels [1] [2] [3] . A 3-D finite element modeling of GW using PZT actuator/sensor system in a honeycomb sandwich panel structure has been investigated by Song et al. [1] in a recent study. The wave propagation has been compared with the wave propagation in a simplified model, a homogenized orthotropic continuum core material replacing the real honeycomb geometry. The received signal from both models have showed a good agreement for a relatively low central frequency exciting signal (5 kHz). However, no agreement has been observed for the responded signals from 40 kHz till 90 kHz of the central exciting signal frequency, but when the exciting frequency has been reached to 100 kHz, again an agreement has been observed for the responses from both models only with different amplitudes. In addition, it has been shown, when the frequency has been increased the wave mostly has been propagated on the the top surface of the panel where the actuator has been attached. A good comparison of the experimental and simulation results has been reported as well. Within this paper our aim is to investigate the influence of the geometrical changes of the structure on the wave propagation in sandwich panels.
Finite Element Modeling
The honey comb sandwich panel is consisting of two plate layers on top and bottom with a core material in the middle. In a dimensional finite element model of a sandwich panel, 3-D solid elements are used for the plates, 2-D solid shell elements for the honeycomb cells and 3-D piezoelectric elements for the PZT actuator/sensor, respectively. In addition, in a simplified model, 3-D solid elements with orthotopic material properties are used for the core material. The material properties of the elements are calculated using homogenization technique in the [4] . Two sensors are adjusted on the top and bottom layer to receive the signals on both sides of the sandwich panel, sensors are located in parallel (in 0 degree) to the actuator. The sensors are 180 mm far from actuator in the x direction, cf. Fig. 1 . A zero voltage is applied to the bottom surfaces of the sensors and actuator (the attached face to the panel) and the exiting signal of half-cycle narrow band tone burst [1] is applied to the top nodes of the actuator (t is time, f c is central frequency and H(t) is the Heaviside step function).
The responded signal is calculated based on the nodal voltages of the top nodes of the sensors. To represent the conductivity of the copper layer on the top layer of the sensor, all nodes on the top layer of the sensor are tied together. To reduce the 
reflections of the wave from the free boundaries, a non-reflecting boundary condition is used [5] . The damping factors of the elements are increased gradually from non damping elements to elements with a high damping factors at the free borders, using an exponential function. In this study two different honeycomb sandwich panels with different geometrical properties are considered. In the first case a sandwich panel with 2 mm of plate thickness and a honeycomb thickness of 0.22 mm is considered (case (1)), and in the second case a sandwich panel with a plate thickness of 0.5 mm and a honeycomb thickness of 1.48 mm has been modeled (case (2)). In both cases the rest of the geometrical properties are shown in Tab. 1. In addition, Tab. 2 shows the material properties of the skin plate and the honeycomb core materials. The material properties of the PZT actuator/sensor are presented in [1] . All simulations are done with the commercial finite element package MSC.Marc R (MSC Software Corporation, Santa Ana, CA, USA).
Signal Analysis
To determine the group velocity dispersion curves of the propagated waves on the surfaces, the continuous wavelet transform (CWT) based on the Daubechies wavelet D10 is used [2, 6] . Figure 1 is a snapshot of the wave field u z in the sandwich panel. When the central frequency of the exciting signal is relatively low (5 kHz), it can be seen, that the wave length in the model case (1) (Fig. 1 (a) ) is longer than in model case (2) (Fig. 1 (b) ). It must be mentioned, that in model case (1) the wall thickness of the honeycomb cell is thinner compared to model case (2) . In addition, it can be observed, when the central frequency of the exciting signal is relatively high (100 kHz) the wave in the model case (1) (Fig. 1 (c)) propagates mostly on the top plate, where the actuator is attached. However, for the same exciting signal in the model case (2) (Fig. 1 (d) ) the wave propagates deeper in the structure. This can be explained by the fact that the thickness of the skin plate in the model case (1) is thicker than in model case (2) .
Results
The responded signals from the sensors on the top surface of the sandwich panel in a real honeycomb sandwich panel (real), a sandwich panel with homogenized core (homo) and a single plate (plate) are plotted in Fig. 2 . From the results of the model case (1) one can see there is a good agreement for the responded signals from the real and the homogenized models. Initially, the responded signals from the single plate doesn't match with the signals of the real and homogenized models, but as the central frequency of the exciting signal is progressed a better agreement can be seen for all models. This can be elucidated by the fact that for an exciting signal with a higher central frequency in the model case (1) the wave propagates mostly on the top plate. It must be mentioned here, in [1] the honeycomb structure was made of Nomex with isotropic properties (Young's modulus of 9 GPa) and as it has been mentioned before, there was no agreement observed from different models for the responded signals when the exciting signal was from 40 kHz till 90 kHz. But in our study the honeycomb material properties are anisotropic and the Young's modulus values in all direction are less than 9 GPa, cf. Tab. 2. In model case (2) for the initial ranges of the exciting frequency ranges the responded signals from different models are not matching. When the the central frequency of the exciting signal increases the first arrival symmetric modes (S 0 ) are in a good agreement. But no agreement can be seen for the second arrival anti-symmetric modes (A 0 ).
The group velocities of the propagated wave in real, homogenized and plate models are compared in Fig. 3 . One can see that both S 0 and A 0 propagate in both models of cases (1) and (2) with nearly the same magnitude. However, the S 0 mode propagates faster than A 0 . A comparison between the group velocities of the propagated wave on the top and bottom layer of the sandwich panel is shown in Fig. 4 . It can bee seen in both cases (1) and (2) the S 0 mode propagates faster on the top plate, but no distinguish difference can be seen for the group velocities of the A 0 mode on the top and the bottom plates.
Outlook
A dimensional finite element model has been used to simulate the Lamb wave propagation in the honeycomb sandwich panel using a PZT actuator/sensor system. When the geometry of the plate and the honeycomb cells have been changed, a clear change could be seen in the wave propagation. In the sandwich panel with a thicker plate compared to the honeycomb wall thickness (case (1)) the wave mostly has propagated on the top layer as the central frequency of the exciting signal increased. However, in the model with relatively thinner plate thickness compared to the honeycomb wall thickness (case (2)) the wave has propagated more inside the sandwich panel for the same exciting frequency. In addition, the influence of changes in the central exciting frequency has been studied. The responded signals from the model with the real geometry of the honeycomb sandwich panel (real), the results from the sandwich panel with a homogenized core (homo) and a single plate (plate) have been compared. In sandwich panel case (1) a good agrement has been reported for the responded signals from the real and the homogenized models. However, in case (2) only for higher ranges of the central exciting frequency (more than 40 kHz) a good agreement only for S 0 mode has been observed. In addition, the group velocities of the propagated wave in the real, the homogenized and the single plate models have been compared. Both S 0 and A 0 modes have propagated in both models of cases (1) and (2) with the same magnitude. However, the S 0 mode has propagated faster than A 0 . It must be mentioned, that the group velocity on the top layer for S 0 mode was higher compared to the bottom plate, but the group velocities of the A 0 modes on the top and bottom layers were nearly the same. More investigation are required to find the best frequency range for the exciting signal regarding health monitoring applications in sandwich panels. To study the wave propagation in sandwich panels, both numerical and experimental studies must be developed. However, by using the simulation methods one will be able to reduce the number of experimental tests as well as the cost of experimental studies.
